Abstract. the precise mechanism of prolapse uteri is not fully understood. there is evidence to suggest that abnormalities of collagen, the main component of extracellular matrix, or its repair mechanism, may predispose women to prolapse. to investigate the characteristic structure of human uterine cervix of patients with prolapse uteri, various types of collagen expression in the uterine cervix tissues of the prolapse uteri were compared to those of normal uterine cervix. after informed consent, 36 specimens of uterine cervical tissues were obtained at the time of surgery from 16 postmenopausal women with prolapse uteri (stage iii-iV by the pelvic Organ Prolapse Quantification examination) and 20 postmenopausal women without prolapse uteri (control group). Collagens were extracted from the uterine cervix tissues by salt precipitation methods. the relative levels of various collagens were evaluated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. the uterine cervix was longer in the patients with prolapse uteri than those of postmenopausal controls without prolapse uteri. the ratios of type iii to type i collagen in the uterine cervical tissues were significantly decreased in the prolapse uteri, as compared to those of the postmenopausal uterine cervix without prolapse. these results suggest that decreased type iii collagen expression may play an important role in determing the physiology and structure of the uterine cervix tissues of prolapse uteri.
Introduction
The extracellular matrix (ECM) is considered to play an important role in the stability of tissues and in regulating the growth and differentiation of cells (1, 2) . Synthesis, accumulation and catabolism of the Ecm occur during wound healing and during the initiation and progression of numerous diseases (3) . moreover, it is generally acknowledged that the Ecm does not function as a mere passive scaffold for connective tissue within organ architecture. it also plays an 'informational' role through a network of interactions between cells and signal molecules which is of primary importance in the control of cellular proliferation and motility during histogenesis for the maintenance of tissue homeostasis and in cancer development.
prolapse of the pelvic organs is a common disease affecting the lives of millions of women. Women with prolapse suffer from chronic pelvic pain and pressure, urinary and fecal incontinence, sexual dysfunction and social isolation. despite the high prevalence of this disease and the devastating impact on the lives of women, very little is known about its pathophysiology.
recently, it has been suggested that a structural defect in the vagina and its supportive tissues, such as a decrease in collagen content or a change in collagen subtypes, is one of the mechanisms that predisposes a woman to prolapse. thus, there have been many studies throughout the literature in which collagen is analyzed in vaginal and uterine-supporting ligament biopsies procured at the time of a repair of prolapse in patients with prolapse or at the time of a hysterectomy in patients without prolapse. the comparison of these samples has provided conflicting results (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . trauma or pathology may lead to altered responses to mechanical stresses placed on connective tissue, producing changes in the Ecm. alterations in collagen synthesis and collagen types are causally related to connective tissue disorders, such as inguinal hernia (14) , genito-urinary prolapse and urinary stress incontinence (15, 16) . The uterine cervices of patients with prolapse are dramatically altered when compared to those without prolapse. therefore, the precise control of Ecm metabolism in the uterine cervix is critical for the pathophysiology of prolapse uteri.
in the present study, we investigated the composition of the various types of collagen, the major component of Ecm, in human uterine cervical tissues of prolapse uteri by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Materials and methods
this project was approved by the committee on investigations Involving Human Subjects of Wakayama Medical College. informed consent was obtained from each subject after the purpose and nature of the study had been fully explained. Patients and tissues. Sixteen uterine cervical samples were obtained from postmenopausal Japanese women (59-85 years of age) with uterine prolapse, who had undergone a vaginal hysterectomy and colpoperineoplasty, and were defined as the prolapse group. A Pelvic Organ Prolapse Quantification examination (17) was performed on the patients with uterine prolapse to define the stage of prolapse. All patients with uterine prolapse showed stage II or greater prolapse (POP-Q).
as the control group, 20 uterine cervical samples were obtained from postmenopausal Japanese women (58-82 years of age) without uterine prolapse, who had undergone a abdominal hysterectomy for a benign indication other than prolapse. Variables, including age, postmenopausal period, parity and BMI, were not significantly different in the two groups. none of the patients received any hormone therapy before surgery.
the uterine cervical length was measured from the internal to external os along the cervical canal, and values are expressed in millimeters.
SDS-PAGE of pepsin-solubilized collagens from the uterine cervical tissues. minced samples of human uterine cervical tissues were washed overnight in cold distilled water and freed of blood. tissues were homogenized with a polytron homogenizer in 50 volumes of 0.5 m acetic acid that contained 1 mg/ml pepsin (Sigma Chemical Co., St. louis, MO, uSA). collagens were extracted with constant stirring for 24 h at 4˚C. Each solution was centrifuged at 39,000 x g for 1 h at 4˚C. Collagens were reextracted from the pellet under the same conditions as described above for 48 h.
the supernatants corresponding to individual samples were then combined, and collagens were precipitated by addition of 4.0 M naCl to a final concentration of 2.0 M. Each precipitate was dissolved in 0.5 m acetic acid, and the solution was dialyzed against 0.02 m na 2 hpO 4 . precipitated collagens were redissolved in 0.5 m acetic acid, dialyzed exhaustively against 0.05 M acetic acid and finally lyophilized.
the solubility of the tissue collagen from each uterine cervical tissue sample was estimated by comparing the hydroxyproline content of the initial homogenate to that of the final solution of collagen (18) . Type v collagen was isolated by salt precipitation from pepsin digests of human uterine cervical tissues by the methods described elsewhere (19, 20) . the extracted type V collagen was also lyophilized.
Estimation of the relative abundance of the α1(III) chain and α1(v) chain was performed by interrupted gel electrophoresis (21) . Electrophoresis was performed in an 8% polyacrylamide slab gel (Sigma Chemical Co.). The gel and electrode buffers consisted of 0.1 m phosphate buffer, ph 7.2, containing 0.1% SDS (nacalai Tesque, Inc., kyoto, Japan), as previously described (22). lyophilized samples of collagen and type v collagen were dissolved at a concentration of 0.2 mg/ml and denatured by heating in the gel buffer that contained 1% SDS at 60˚C for 30 min.
Aliquots of 25 µl of each solution of denatured collagens and 5 µl of denatured type v collagen were applied to the gel and subjected to electrophoresis at 80 ma. after 1.5 h, the current was switched off and sample wells were filled with a solution of 20% β-mercaptoethanol (Wako chemical co., Osaka, Japan) in gel buffer, and the β-mercaptoethanol was allowed to diffuse into the gel for 1 h to cleave the intramolecular disulfide bonds of type III collagen, [α1(III)]3. then, electrophoresis was resumed and allowed to continue for another 1 h. Each collagen α chain was stained with Coomassie brilliant blue (Sigma Chemical Co.) and quantitated by densitometry.
the relative amounts of α1(III) or α1(v) chains were calculated by dividing the intensities of the band areas under densitometric peaks of α1(III) and of α1 (v) by that of α1(I). in this method, the α chains derived from type iV collagen could not be evaluated because of degradation of this collagen by pepsin. table i. relative abundance of the α1(III) and α1(v) chains of collagen as compared to the α1(I) chain in the human uterine cervix tissues of the postmenopausal uterus as control and the prolapse uteri. Statistical analysis. the uterine cervical length was expressed as the mean ± SD. Densitometric data were expressed as the mean ± SEM. Mean values were compared by the Student's t-test or analysis of variance using a Statview software program on a macintosh computer. two-tailed p-values <0.05 were considered statistically significant.
no. of patients Cervical length (mm) relative ratio of collagen α chain --------------------------------------------------------------------------

Results
The uterine cervix of prolapse uteri were significantly longer compared to those of the postmenopausal uterus (Table I) . although the relative levels of α1(I) and α1(v) were similar in the uterine cervical tissues in the two groups ( fig. 1) , those of α1(III) were decreased in the uterine cervical tissues of the prolapse uteri compared to those of the normal postmenopausal uterine cervix ( fig. 1) . The mean ratio of the intensity of the band of α1(III) to that of α1(I) in the uterine cervix tissues of prolapse uteri was significantly lower than that in the normal postmenopausal uterine tissues (P<0.01). the data are summarized in table i.
Discussion
in the present study, we investigated changes in the composition of the Ecm, including type i, iii and V collagens, in the human uterine cervical tissues obtained from the women with or without uterine prolapse. We were able to solubilize 70-85% of collagen in the human cervical tissues, as measured by reference to levels of hydroxyproline (data not shown). therefore, it was postulated that the extracted collagen may accurately reflect the entire complement of collagen in the tissues.
Human cervix is made up mainly of fibrous connective tissues in which collagen (23) and glycosaminoglycans (24) predominate. the physiological properties of the cervix depend on the interplay between collagen and glycosaminoglycan molecules (25) . Therefore, collagen may play a pivotal role in the structure and function of human uterine cervix.
although type i and type iii collagens are commonly found in combination, the ratios of type iii to type i collagen in the tissues of human cervix of the patients with uterine prolapse were significantly lower than those of the patients without prolapse. Our findings suggest at least two possible mechanisms for decreased type iii collagen expression in the uterine cervices with uterine prolapse. first, the reduced type III collagen expression in the pelvic organ supporting system involving uterine cervix may induce genital prolapse. however, these present findings conflict with those of previous reports (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Second, the pelvic supporting system is relaxed in patients with uterine prolapse. therefore, a progressively increasing mechanical load may reduce focal type iii collagen expression in uterine cervical tissues.
it has been suggested that the Ecm in human cervical tissues may be controlled by collagenases, hormones, such as estrogens (26) (27) (28) , dehydroepiandrosterone (29) and prostaglandins (30, 31) , and/or cytokines, such as Il-I (32) and .
recent studies have shown that nitric oxide (nO) may participate in the biochemical and anatomical changes in human and animal cervical tissues (38) (39) (40) (41) (42) . In addition, it has been suggested that nO directly controls various metalloproteinases (43) . A low estrogen level is commonly recognized in postmenopausal women with or without uterine prolapse. therefore, in regards to the causes of uterine prolapse, we may suggest not only lack of estrogen, but also other factors, such as nO.
The ECM of the uterine cervix is a fiber-reinforced compositive viscoelastic material made up of fibrillar collagen (two thirds type I, one third type III) and proteoglycans (hyaluronic acid, chondroitin sulfate, keratan sulfate and dermatan sulfate) (44,45). Thus, our study suggests that a decreased ratio of type iii collagen and an increased ratio of type i collagen in the uterine cervix may induce elongation of the cervix in terms of uterine prolapse. type iii collagen belongs to a family of fibril-forming collagens that are found throughout the body. Each of the fibrillar collagens has a unique structural profile that in turn imparts tissues with distinct physical properties (46, 47) . This collagen, forming smaller fibers, predominates in tissues that require increased flexibility and distensibility and are subject to periodic stress, such as the vasculature. therefore, decreased expression of type iii collagen, the main macromolecular component of the Ecm of the cervix, may be a key event in the development of uterine prolapse.
in conclusion, these changes in the composition of collagens may result in the morphologic and functional characteristics of human uterine cervix with uterine prolapse.
this study furthers the understanding of the pathophysiology of human uterine cervix in terms of Ecm metabolism. further research is required to elucidate the mechanisms regulating the expression of genes of other types of collagen or metalloproteinases in the uterine cervix during the premenopausal period and pathological status.
